The estimation of drought at certain temporal and spatial scales is useful for research on climate change and global warming. Greece is often affected by droughts, which are widespread spatially and temporally due to the complex topography. Within the Greek territory, various complex microclimates are created, linked with the spatial variances in drought phenomena. In this paper an estimation of drought in the Sperchios River basin was conducted using the Aridity Index (AI). Additionally, a seasonal analysis of drought was performed. Meteorological data from the Hellenic National Meteorological Service (HNMS) were used as inputs for the AI equation. Spatial interpolation of AI for the Sperchios River basin was performed using a kriging method by the application of ArcGIS 9.3. In order to produce required input data, several models (EmPEst, RayMan) and techniques (linear regression, interpolation) were combined. Finally, the meteorological data series were randomly separated into two periods and AI was estimated for these sub-periods, in order to test the effectiveness of the drought index used. The results indicate that the conditions prevailing in the area are humid, mostly affected by increased rainfall occurring in the mountainous section of the basin. Broadly, the humid environment in the upstream of Sperchios River prevents drought occurring in the lowlands of Sperchios River valley. Nevertheless, some differentiation appeared during the summer period, to which special attention needs to be given in order to prevent drought conditions. ARTICLE HISTORY
Introduction
Climate change is the greatest human challenge facing the world, as negative effects, such as flooding, heat waves, forest fires and droughts have started becoming very serious (Hillel and Rosenzweig 2002) . The climate in arid and semi-arid areas tends to be affected to a greater extent by human activities. Emissions of greenhouse gases alter the composition of the atmosphere resulting in global warming. The Intergovernmental Panel on Climate Change (IPCC) concluded that the climate has changed, human activities have influenced this change and that the climate will continue to change in the future (Houghton et al. 1996) . These changes in climate conditions have created concerns for the subsequent effects on productivity of ecosystems, biogeochemical cycles and the availability of water resources (Kirschbaum and Fischlin 1996) .
Previous IPCC publications indicated that the uncertainties in climate change impacts on water resources, droughts and floods arise for various reasons, such as different scenarios of economic development, greenhouse gas emissions, climate modelling and hydrological modelling (IPCC 2007 , Bates et al. 2008 . According to the results of climatic models, (Special Report on Emissions Scenarios) SRES scenarios A1 and B, precipitation within the Mediterranean is expected to shift northward. In the southeastern Mediterranean areas, the precipitation in 2080-2099 is likely to decrease by more than 20% compared to the period 1980 -1999 (IPCC 2007 . This decreased land precipitation and increased air temperature, which enhance evapotranspiration and reduce soil moisture, are important factors that have contributed to more regions experiencing droughts (Dai et al. 2004) .
The latest IPCC publications refer to the fact that regionalto global-scale projections of drought remain relatively uncertain compared to other aspects of the water cycle. There is a low confidence in global-scale observed trend in drought or dryness (lack of rainfall), owning to lack of direct observations, dependencies of inferred trends on the index choice and geographical inconsistencies in the trends. However, this masks important regional changes and, according to the results, the frequency and intensity of drought have likely increased in the Mediterranean (IPCC 2013) .
Determination of the drought concept has always been a brake on monitoring and analysis of the phenomenon, and the particular complexity compared with other natural disasters, makes it difficult to predict the beginning and the end of drought (McKee et al. 1993) . More than 150 definitions have been attributed to drought in the literature; for example, "Drought is a situation of significant reduction of available water resources (compared to a normal value) for a long time over a large area and is characterized by three dimensions: intensity, duration and spatial extension" (Rossi et al. 1992 , Rossi 2000 .
However, the common denominator in all definitions is that drought is a phenomenon characterized by insufficient moisture, which is due to rainfall deficit for a given period of time. Initially, the problem relates to the period during which an 'accumulation' of deficits is observed and then, how the rainfall deficit is related to the deficit in use of water resources. It is obvious that drought depends on the interaction of a physical phenomenon (less rain than expected and consequently less presence of water) with the function of aquatic ecosystems for humans, in order to meet the requirements in water (Mamasis and Koutsogiannis 2007) .
There are very few direct measurements of drought related variables, such as soil moisture (Robock et al. 2000) , so drought proxies and hydrological drought proxies (e.g. Vidal et al. 2010 , Dai 2011 are often used to assess drought. The major drought indices are the Standardized Precipitation Index (SPI), which is based on the probability of precipitation for any time scale (McKee et al. 1993) , the Palmer Drought Severity Index (PDSI) which is a soil moisture algorithm calibrated for relatively homogeneous regions (Palmer 1965) , the Reclamation Drought Index (RDI), which is based on a calculation of drought at the river basin level, incorporating temperature as well as precipitation, snowpack, stream flow and reservoir levels as input, and the Aridity Index (AI) from the United Nations Environment Programme (UNEP 1992), which is a numerical indicator of the degree of dryness of the climate at a given location and use precipitation and potential evapotranspiration data. The chosen proxy (e.g. precipitation, evapotranspiration, soil moisture or stream flow) and time scale can strongly affect the ranking of drought events (Sheffield et al. 2009 ).
The climate in the areas around the eastern Mediterranean, where Greece is located, has basically suffered the same changes that the climate throughout the world has, especially in the Northern Hemisphere (Vroxidou 2013) .
The reason for the selection of the specific study area in central Greece lies in the fact that agricultural activity is the main production and economic activity. According to data from the Hellenic Statistical Authority (2009), the region of Ftiotida has a total population of 169 542 inhabitants, of which 52 426 (30.9%) are employed fully or partly in the primary sector (agriculture and livestock). Due to this fact, most of the local population uses the water from the torrential streams for irrigation.
Irrigation plays an important role, due to the reduced amount of water availability from rainfall and the framers' inability to 'buy' water, because of the economic crisis. Farming and manufacturing activities based on agricultural activity, as well as other activities of primary and secondary sector production, are in urgent need of research that will provide adapting systems and information regarding the availability of water and drought conditions. This contributes to the development of agricultural production for the local population related to agricultural activities, or for those who are thinking of occupying the agricultural sector. This paper focuses on the estimation of drought, with the use of Aridity Index (AI) over the Sperchios River basin in the Ftiotida region. The calculation of AI used precipitation and potential evapotranspiration (PET) data. After estimating the AI, drought maps were created for the Sperchios River basin, using the interpolation method of ordinary kriging (OK) through the ArcGIS 9.3 program. Moreover, all the AI results were randomly divided into two sub-periods in order to re-apply the AI equation and further test its effectiveness in the study area. (Paparrizos and Chatziminiadis 2010 , Paparrizos 2012 , Paparrizos and Maris 2015 . Figure 1 presents the general position of the study area.
Climate data
Daily values of precipitation data obtained from eight rainfall stations, and meteorological data from one station derived from the Hellenic National Meteorological Service (HNMS) within Sperchios Valley were used in the study.
In our case, we used daily data from the Lamia station as it is the only one located within the Sperchios River basin for which we have available data. At this point we need to mention the lack of available observations that usually exists in Greece, as the network of meteorological stations provides deficient observations-a common problem the researcher needs to overcome (Paparrizos et al. 2014) .
The variables of the precipitation and meteorological stations are presented in Tables 1-3. The locations of the stations are depicted in Fig. 2 and the annual precipitation (mm) in Fig. 3 . The observation period was from 1 January 1981 to 31 December 2000 (20 years). Before using the data, a homogeneity test was performed (Dingman 1994) in order to improve the quality of the used data series.
Methodology

Drought index
As described in the Introduction (Section 1), drought can be estimated through many different proxies. In the current study, due to the limited amount of data, AI was used to estimate drought. A number of aridity indices have been proposed; these indicators serve to identify, locate or delimit regions that suffer from a deficit of available water, a condition that can severely affect the effective use of the land for such activities as agriculture or stock-farming. In our case, AI was calculated as follows (UNEP 1992):
where P is the average annual precipitation (mm) and PET is the average annual potential evapotranspiration (mm). For seasonal analysis, monthly values of P were used ( Table 2 ). The boundaries that define various degrees of aridity are shown in Table 4 (FAO 1993).
As mentioned above, average annual precipitation (P) was collected from eight rainfall stations within Sperchios River basin, and PET was calculated using the necessary meteorological data from Lamia station and using EmPEst software (Xystrakis and Kostinakis 2010 , Kostinakis et al. 2011 , Xystrakis and Matzarakis 2011 . Depending on data availability, EmPEst is able to calculate daily values of five different statistical measures (mean square error, mean absolute error, relative mean square error, relative mean absolute error, mean bias error) (Stansoft 2007) , in order to evaluate the empirical equations regarding the estimates obtained by the PET ASCE equation (ASCE Task Committee 2005) . The PET ASCE equation has the following form: where Δ is the slope of saturation vapour pressure curve at air temperature T (kPa°C -1 ); R n is the net radiation at the crop surface (MJ m -2 ); G is the soil heat flux density at the crop surface (MJ m -2 ); for daily periods the value is 0); γ is the psychrometric constant (kPa°C -1 ); T mean is the mean air temperature at 1.5-2.5 m height (°C); U 2 is the mean wind speed at 2 m height (m s -1 ); e s is the mean saturation vapour pressure at 1.5-2.5 m height (kPa); e a is the mean actual vapour pressure at 1.5-2.5 m height (kPa); C n is a numerator constant that changes with reference type and takes the value 900 and 1600 K mm s 3 Mg -1 for short and tall crops, respectively; and C d is a denominator constant that changes with reference type and takes the values of 0.34 and 0.38 s m -1 for short and tall crops, respectively (Kostinakis et al. 2011) .
EmPEst software for estimation of PET
The empirical PET ref equations included in EmPEst cover a wide spectrum of input data requirements. Equations that require only daily air temperature and equations that require daily air temperature, radiation and relative humidity as input variables are provided. The number of equations that will finally produce PET ref estimates depends on data availability. Additionally, the RayMan model (Matzarakis et al. 2007 (Matzarakis et al. , 2010 was used to calculate some of the input variables needed for the EmPEst software to run. Table 5 shows the input data requirements of the PET ref equations included in EmPEst that were collected from the Lamia meteorological station.
Seasonal and sub-period analysis
For the results analysis, together with the total results, a seasonal analysis was performed. The months were categorized in seasons as follows:
Spring: March-April-May Summer: June-July-August Autumn: September-October-November Winter: December-January-February This seasonal analysis aimed to further illustrate the periods with reduced water availability in order to achieve a qualitative study and understanding of the drought conditions prevailing in the study area in each season.
Finally, in order to check the reliability and performance of the results, the aridity index was re-calculated for two sub-periods, using 70% (13 years: 1981-1993 ) and 30% (7 years: 1994-2000) of the available data for the first and second periods, respectively. The sub-period results were further compared with the total AI to determine the validity of the AI. Additionally, this demarcation aimed to further check the effectiveness of the data series used.
Spatial analysis and mapping of AI estimations
The methodology applied for the interpolation from irregularly distributed surface station data at coordinates x i , y i , z i (where x i is longitude, y i is latitude and z i is altitude above mean sea level of station i) to surface gridded points X j , Y j , Z j (where X j is longitude, Y j is latitude and Z j is altitude above mean sea level of grid j) was based on ordinary (spherical variogram) kriging with the procedure of interpolation for geographical information systems (Oliver and Webster 1990 ) through ArcGIS 9.3.
To include the elevation effects in the interpolation procedure and combine with the precipitation, linear regression was performed between the elevation and the average annual amount of precipitation from the existing rainfall stations. Attempts in this direction were also performed by Gouvas et al. (2009) and Maris et al. (2013) .
Then, to perform the OK analysis, 5000 points distributed randomly within the basin were created, and through the linear regression equation, each point was given a precipitation value. In order to estimate the seasonal and periodical drought, linear regression and simulated precipitation values were estimated again for each season and the two sub-periods.
Finally, drought maps were created according to the classification of AI categories presented in Table 4 . Table 6 shows the PET ref estimations obtained using EmPEst software (incorporating 13 different approaches), as mentioned in Section 2.3.3. The PET values are based on the average output of the 13 empirical equations used by EmPEst. Figure 4 shows the linear regression between the altitude and the average annual precipitation values recorded at eight rainfall stations in the Sperchios River basin.
Results
The results of the total, seasonal and sub-period analyses are presented in Tables 7 and 8. Figure 5(a)-(d) shows the spatial seasonal analysis of the AI. Figure 6 depicts the aridity index for the two sub-periods, while Fig. 7 shows the average overall AI based on all the results.
Discussion
As shown in the results, the Sperchios River basin can generally be characterized as a humid basin (AI = 0.93). Nevertheless, the analysis showed that a large part of the basin experiences semi-arid conditions. To give an explanation of these periodical conditions, each season needed to be studied separately. Observing the maps of the seasonal analysis ( Fig. 5(a)-(d) ), special attention and research focus need to be given to the summer season (June, July and August). Seasonal analysis for the summer period showed that a considerable extent of areas of moderate altitude, as well as the lowlands, present arid conditions. These conditions, as shown in Fig. 6(b) (summer season), appear in areas where agriculture is the main activity. The fact that during the summer there is a growing demand for water through irrigation from the local agricultural community (Paparrizos et al. 2014 ) is another factor that contributes to the creation of drought in the region.
In contrast, for the winter season (December, January and February), the results indicate a much greater amount of available water. However, due to the lack of infrastructures in the area (Paparrizos and Chatziminiadis 2010) , this water is discharging into the sea through Maliakos Gulf, resulting in the shortage of stored water for the summer months. Some periodical, semi-arid conditions appear in the autumn (September, October and November) near the Sperchios River delta due to the low precipitation that is observed in September. It is worth noting that, during the data series analysis (Table 2) , the values for September are very similar to those for the summer months.
During spring and autumn seasons, due the satisfactory rate of snowfall and the early high rainfall levels, water availability in the basin is quite high. -period (1981-1993) 1.28 2nd sub-period (1994) (1995) (1996) (1997) (1998) (1999) (2000) 1.19 The seasonal analysis indicates that Sperchios River basin presents a heterogeneity in the different seasons of the year. Specifically, this heterogeneity can create water scarcity conditions in the summer (especially July and August), sometimes until the end of September, and within 3 months (when it reaches the winter) it can produce a large amount of water due to extended rainfall and snowfall that may even cause flooding, as has happened many times in the past (Maris et al. 2009) .
From a topographical viewpoint, as shown in the drought maps, decreased AI values appear mainly in the northwest of the Sperchios River basin. This specific area is characterized by moderate altitude, compared to the rest of the basin. This fact, combined with the short length of the main stream-contributors to the Sperchios River and generally the small size of the hydrographic network in the area, results in decreased values of the aridity index. At this point, it is worth mentioning that this particular area is located just before the township of Lamia in the centre of the Sperchios River valley where most of the agricultural activity takes place. Therefore, we should pay special attention to these local differences in order to avoid drought phenomena or lack of water availability in the future.
In the coastal areas drought conditions appear mainly in the Sperchios River Delta. Specifically, the southwestern part of the basin presents a more complex mountainous topography with very high altitudes, and the conditions there prevent the spread of drought. In contrast, the topography of the northwestern side of the basin is smoother, with moderate slopes and altitudes. Differentiations in drought conditions near the coast that verify this fact are found in the spring and autumn season analysis drought maps (Fig. 5(b) and (c) ). It is important to mention that, within the Sperchios River basin, various microclimates exist. Elevation differences (0-2327 m) and very steep slopes (0-83.8%) (Paparrizos 2012) contribute to the emergence of these conditions throughout the Sperchios River basin. Generally, the seasonal analysis applied in this study has provided useful and detailed information. These results, linked with a satisfactory number of rainfall stations, consolidate the credibility of the research and counterbalance the existence of limited PET data due to the existence of only one station with meteorological data (Paparrizos et al. 2014) . Some very small differentiations appeared in the sub-period analysis, especially between the first sub-period (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) and the total analysis results, as can be seen in Table 8 , where the total AI is 0.93 and the first sub-period AI is 1.28.
Another fact that needs to be noted is that in the first (1981-1993) and second (1994-2000) period analyses, drought conditions range from dry sub-humid to humid (Fig. 6) . Nevertheless, in the total analysis, a large part of the basin faces semi-arid conditions. The explanation that can be given in this case is that the factors that constitute the AI equation vary each time, depending on the examination period. In other words, when the total estimation of drought was performed, data analysis indicated moderate PET values, which affected the denominator of the equation and combined with the precipitation values resulted in this outcome, depicted in Fig. 7 .
Similar studies concerning the study and estimation of drought have been conducted in the past in Greece, and various indicators have been proposed in the literature for the measurement and quantification of drought. However, in recent years, shortcomings in existing indicators have been highlighted and this initiates a quest for new indicators in innovative and interdisciplinary directions (Tsakiris and Vangelis 2005 , Domínguez-Castro et al. 2008 , Salvati et al. 2009 ). Especially for the hydro-meteorological drought, various studies have used almost all meteorological indicators (Anagnostopoulou 2003) , such as moisture content Z-indexPalmer Drought Severity Index, the Reconnaissance Drought Index (RDI) (Tsakiris et al. 2007) , the Standardized Precipitation Index (SPI) (Livada and Assimakopoulos 2007, Vroxidou 2013 ) and the AI (Nastos et al. 2013b) . These studies used similar parameters to identify the intensity of drought episodes (Loukas et al. 2002) . Dalezios et al. (2002) and Nastos and Zerefos (2009) have used various statistical techniques to analyse the spatio-temporal parameters of drought episodes in Greece. Comparing the most recent research of Nastos et al. (2013b) , and regarding the period (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) for which we have available data in the current study, both results were very similar.
Concerning the Mediterranean region, the complexity of the Mediterranean climate can be affected by global warming with different spatial variability. A recent study by Nastos et al. (2013a) indicated that drought is mainly established at the southern and especially the eastern regions of the Mediterranean basin. Large differences have occurred between the eastern and western Mediterranean at the height of winter rainfall and summer temperature periods. Studies on the climate of the Mediterranean have been conducted for various areas, such as the Iberian Peninsula (Rodrigo and Barriendos 2008) , southern Spain (Rodrigo et al. 1999) , Turkey (Touchan et al. 2003) and the southeastern Mediterranean (Touchan et al. 2005) . In Italy, drought research has indicated that there has been a decrease in precipitation, referring to the south of the country, starting from about 30 years ago, and drought periods have frequently become severe and even extreme in the last 30 years (Piccarreta et al. 2004) . In Cyprus Island, drought events are becoming more and more frequent, with adverse impacts on the economy, society and the environment. During the period 1971-2008, Cyprus experienced nine meteorological drought events, with the most significant ones in the periods 1971 -1974 , 1981 -1984 , 1989 -1991 -1994 , 1995 (Pashardis and Michaelides 2008 . As a result, in 2008 the reservoirs were almost empty and the government imposed a number of water saving measures in order to overcome the problem (Michaelides and Pashiardis, 2008) . Nonetheless, caution in making conclusions for the Mediterranean climate is needed; one of the remarkable features is the large variability in annual and inter-annual rainfall heights (Rodrigo et al. 2000) . The impact of the current results is very important as drought maps can be notified free of charge to the various stakeholders. The existence of a larger network of meteorological stations, of course, would have given more accurate results. In order to cope with the lack of an adequate network of meteorological stations in Greece and thus data for analysis, future research can be performed towards the creation of a method or a formula, so as to eliminate these deficiencies.
Conclusions
In the current research, the calculation of the Aridity Index for Sperchios River basin was conducted. This was the first -ever -attempt to estimate and map the drought conditions prevailing in Sperchios River basin. Another innovation was that, while several different programs and techniques, such as EmPEst software, the RayMan model, linear regression analysis and the ordinary kriging interpolation method, were combined to produce detailed drought maps, the interpretation and understanding of these maps can be easily conducted by non-expert personnel.
The specificity of the current research was the use of a limited number of meteorological stations. Due to this fact, the research, in relation to others that have been conducted in Greece, is characterized as quantitative.
Greece appears to have a very complex climate. A Mediterranean climate with dry summers and mild winters characterizes the study area, but in northern Greece, the climate tends to be more humid. For this reason, similar studies towards drought estimation need to be performed on a small scale; otherwise a large amount of climate stations and a combination of climate types need to be used in order to give satisfactory results. Conversely, a small number of climate stations may often be the cause of overestimation or underestimation of the results.
In any case, the current results, combining climate change issues (droughts, floods, etc.) must be taken as a guide for further similar research towards the highlighting of the matter and the proposal of sustainable solutions. Special attention needs to be given to the future impact of water and climate change, both on agriculture productivity and on the water as a physical commodity.
